The easily accessible 2,4,6-tris(trifluoromethyl)phenyl substituent (= Rr ) is shown to be an ideally suited ligand for the stabilization of low-coordinate tin and lead compounds. This ligand allows the preparation of a stable diarylstannylene, (RR)2Sn, as well as the first stable diaryl lead(II) compound, (RF)2Pb. The tin(II) species (RR)2Sn exhibits a rich derivative chemistry. Cycloaddition reactions with various heterocumulenes (ketenes, thioketenes, keteneimines) have been investigated. (RF)2Sn reacts with the stable phosphaalkyne 1 BuCP to give a 1:1 adduct containing a three-membered phosphastannirene ring system. Tin(IV) compounds containing the RF ligand are obtained when (RF )2Sn is treated with Cl2 , XeF2 , AsFs , S4 N4 , (CF3)2NO and 3,5-di-tbutyl-o-benzoquinone. Treatment of (RF)2SnF2 with (Me3Si)20 results in the formation of trimeric [(RF)2SnO]3. In contrast to the diarylstannylene, (RF)2Pb is significantly less reactive. The unsolvated lead!II) thiolate (RFS)2Pb has been obtained by treatment of (RP)2Pb with RFSH. The formation and structural characterization of the unusual lead thiolate cluster Pbs0(SRF)s·2C7He is reported.
Introduction
During the past 15 years it has become widely accepted that low coordination numbers around the heavier main group elements can be achieved by the use of sterically demanding substituents [1] . Otherwise highly unstable species such as the higher homologues of the carbenes (R2Ge and R2Sn) can be effectively stabilized by attaching bulky substituents to germanium or tin. Especially silylated ligands like -N(SiMe3)2 or -CH(SiMe3)2 have been shown to give isolable germylene [2] or stannylene [3] derivatives. With equal success the concept of kinetic stabilization can also be applied to compounds containing multiple bonds between heavier main group elements. In Group 14 chemistry the discovery of tetramesityldisilene [4, 5] , a stable compound with a silicon-silicon double bond, marked the beginning of vigorous research activities in this area. Meanwhile isolable compounds containing Ge=Ge [5] , Sn=Sn [5, 6] or Si=N [7] , Si=P [8] , Ge=N [9] , Ge=P [9] and Sn=P [9] multiple bonds have been descri-bed. Most of these compounds can serve as useful precursors for the synthesis of novel heterocycles [5] . A typical example is the reaction of [(Me3Si)2CH]2Ge with the phosphaalkyne t BuCP, which afforded the first example of a phosphagermirene [10] . Until today the chemistry of low-coordinate and multiply bonded compounds of the heavier Group 14 elements continues to be an exciting area of research. This contribution describes the role of the 2,4,6-tris(trifluoromethyl)phenyl substituent in the stabilization of low-coordinate tin and lead compounds. Other aspects of RF chemistry have recently been compiled in several review articles [11] [12] [13] ,
Results and Discussion
The 2,4,6-tris(trifluoromethyl)phenyl substituent (= RF) is unique among all other sterically demanding ligands used so far for the stabilization of low-coordinate main group metal derivatives [11] . What makes this ligand so different from other bulky substituents such as t-butyl, mesityl, 2,4,6-tri(i-propyl)phenyl or 2,4,6-tri(t-butyl)phenyl (= "supermesityl")? Clearly RF is not significantly more bulky than mesityl and certainly less bulky than supermesityl. It is in fact a combination of stabilizing factors which contribute to the often unusual properties of RF derivatives. In contrast to most other sterically demanding ligands nonafluoromesityl is a strongly electron-withdrawing substituent. Most important, however, is the possibility of forming short metal-fluorine contacts to the ortho-CF3
groups. This is actually the main reason for the often encountered unusual stability of RF derivatives of the heavier Group 14 elements.
The discovery of nonafluoromesitylene (1,3,5-tris-(trifluoromethyl)benzene) dates back to 1947, when McBee and Leech described its preparation via chlorination of mesitylene followed by fluorination of the intermediate 1,3,5-tris(trichloromethyl)benzene [14] . This two-step preparation is somewhat tedious and the overall yield is only 49%. Today's synthesis of nonafluoromesitylene involves treatment of commercially available trimesic acid (= benzene-1,3,5-tricarboxylic acid) with excess sulfur tetrafluoride. SF4 is a well-established reagent for the conversion of -COOH functional groups into -CF3 units. Initially described by Chambers et al. the method was reported to afford a 33% yield of nonafluoromesitylene [15] . A major boost to RF chemistry came from the discovery in our lab, that the yield could be increased dramatically by making some changes in the reaction conditions. Prolonged heating of trimesic acid with excess SF4 in a Monel cylinder at 170 "C for 48 h routinely produces nonafluoromesitylene in 90-95% yield [16] . Vol. 17, Νos. [1] [2] [3] [4] 1994 The Role of2, 4, 6 
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Obviously this product is a result of Cl/F exchange reactions between the intermediate (Rr)2SiCl2 and CF3 groups of the nonafluoromesityl substituents. The driving force of this process is the extremely high stability of the siliconfluorine bond. The molecular structure of (Rr)2SiF2 was determined by X-ray diffraction (Fig. 1 ).
Fl 16c) Fig. 1 . Molecular structure of (Rf)2SiF2 [19] An attempt was made to use (RF)2SIF2 as starting material for the hitherto unknown disilene derivative (RF )2 Si = Si(RF )2 .
However, treatment of (RR)2SiF2 with sodium/naphthalene resulted only in the formation of intractable black materials [20] .
b) Germanium derivatives
No germanium compounds containing o-bonded nonafluoromesityl substituents have so far been described nor fully characterized. Initial experiments indicate however, that the diarylgermylene (Rr)2Ge might be isolable. Treatment of freshly prepared RFLI with GeCl2·dioxane (molar ratio 2:1) at -78 °C produces a bright orange-yellow solution, indicating the formation of (Rr)2Ge. At room temperature (Rr)2Ge seems to be thermally labile and further experiments are necessary in order to elucidate the chemical nature and reactivity pf this diarylgermylene [20] . More stable germanium(II) species have been obtained using RFO" , RF S -and RF Se" as ligands [21, 22] , Pale yellow crystalline (RpO^Ge-THF was prepared in 35% yield from NaORp and GeCl2·dioxane [21] . Treatment of Ge[N(SiMe3)2]2 with two equivalents of RFSH or RFSeH afforded (RrS)2Ge and (RFSe)2Ge resp. in high yields [22] . As yet no structural investigations have been carried out on any of these compounds.
c) Tin derivatives
The possibility of stabilizing monomeric diaryltin(II) compounds by aromatic ligands bearing ortho-CF3 groups was recognized already in 1981 by Zuckerman et al. [23] . Thermally stable bis[2,6-bis(trifluoromethyl)phenyl]tin(II) was isolated as a light brown solid when SnCl2 was treated with two equivalents of 2,6-bis(trifluoromethyl)phenyllithium. A tin-119m Mössbauer spectrum confirmed that the tin atom was in the divalent state, but no structural data were available. Nevertheless this work demonstrated for the first time that CF3 substituents in ortho position of the phenyl ring had a substantial effect on the stability of phenyltin(II) compounds. Subsequent experiments in our lab have shown that the 2,6-bis(trifluoromethyl)phenyl ligand is less suited for the stabilization of low-coordinate main group compounds than nonafluoromesityl.
2,6-Bis(trifluoromethyl(benzene is less acidic than nonafluoromesitylene. Thus its lithiation requires the use of tetramethylethylenediamine-w-butyllithium complex which complicates the workup of the products.
The novel diarylstannylene (RF)2Sn was synthesized in 45% yield from RpLi and SnCl2 [24] . It is obtained as bright yellow needles by crystallization from cold hexane. In the solid state (RF)2Sn is a monomer stabilized by weak tin-fluorine interactions. In the 119 Sn NMR spectrum of (RF>2Sn nine lines of a thirteen-line multiplet centered at δ 723 ppm are observed. This multiplet results from coupling with the twelve fluorine atoms of the ortho-CF3 groups ( 4 <7 ( 119 SnF) = 239.5 Hz) [24] . Slow sublimation of (RF)2Sn at 40 'C/0.01
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torr yields a second crystal modification in the form of glistening red crystals [25] . In this modification (RF)2Sn forms a weakly associated dimer with a long Sn-Sn distance of 3.639(1) Ä. The shortest tin-tin distance in the yellow modification was reported to be 6.31 Ä [24] .
Although (RF)2 Sn is thermally stable (m.p. 76 °C [25] ) this diarylstannylene derivative is a highly reactive molecule. Numerous reactions have alraedy been studied, including oxidative additions and cycloaddition reactions. For example, treatment of (RF)2Sn with CI2 or PhSSPh yields the tin(IV) species (RR)2SnCl2 or ( RF )2 Sn( SPh )2 resp. [26] . (RP)2SnF2 is obtained by reacting (RF)2Sn with either XeF2 [27] or AsFs . Controlled oxidation of (RP)2Sn with dry oxygen [26] or (CFa)2N0 [27] leads to trimeric [(RF)2SnO]3 which contains a six-membered Sn3O3 ring. [(RR)2SnO]3 was also obtained when (Rf)2 SnF2 was reacted with Me3SiOSiMe3 (Scheme 1) [27] . The trimeric structure of [(RF)2SnO]3 was recently confirmed by an X-ray analysis (Fig. 2) [28].
Fig. 2. Molecular structure of [(RF>2SnO]3 [28]
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Treatment of (RF >2Sn with mesityl azide in a molar ratio of 2.5:1 resulted in elimination of N2 and formation of dark red crystalline [(RF)2Sn]2NMes in 75-80% yield. An X-ray analysis revealed that [(RF)2Sn]2NMes was the first compound containing a three-membered azadistanniridine ring system [29] . More recently various cycloaddition reactions of (RP)2Sn have been studied (Scheme 1) [27] . (RF)2Sn was found to add smoothly to a number of heterocumulenes such as ketenes, thioketenes and keteneimines. Stable cycloaddition products have been isolated with diphenylketene, di-tbutylthioketene and dimethylketene-N-phenylimine (Scheme 1) [27] . A stable phosphastannirene ring system is obtained as a pale yellow crystalline solid from the reaction of (RF)2Sn with the stable phosphaalkyne tßuCP. Five-membered tin-containing ring systems are formed when (RR)2Sn is reacted with 3,5-di-t-butyl-o-benzoquinone or S4 N4 . All new tin compounds shown in Scheme 1 have been fully characterized by spectroscopic methods and elemental analyses.
Chalcogenolate ligands derived from RF have also been reported to give very stable tin(II) derivatives. Colorless crystalline (RFO)2Sn-THF was prepared in 46% yield from SnCl2 and two equivalents of NaORF [21] . The corresponding sulfur and selenium derivatives were synthesized using the "amide route" by treatment of Sn[N(SiMe3 )2]2 with either RF SH or RpSeH [22] . Structural investigations on (RFS)2Sn and (RFSe)2Sn have not been carried out. Thus it remains uncertain whether these compounds are monomers or dimers.
d) Lead derivatives
The synthesis of the first stable diarylplumbylene is probably the most important achievement in RF chemistry. Until recently phenyllead(II) compounds were absent from the literature.
The only authentic lead(II) alkyl is Pb[CH(Me3Si)2]2, which was described by Läppert et al. in 1976 [30] , Generally organolead(II) compounds are unstable with respect to disproportionation. Reactions of PbCl2 with aryllithium or aryl Grignard reagents usually lead to the formation of organolead(IV) compounds and elemental lead. In marked contrast slow addition of RFLi to a suspension of PbCl2 in diethylether results in a clear yellow solution, from which pure (RF)2Pb can be isolated in 33% yield by recrystallization from hexane [31] . Pure (RF>2Pb forms bright yellow crystals and is thermally stable (m.p. 58 °C). In contrast to Pb[CH(Me3Si)Ϊ ]2 [30] the diarylplumbylene is neither light-sensitive nor thermochromic. The bright yellow color is virtually unchanged between -196 "C and the melting point. The 207 Pb NMR spectrum of (Rp)2Pb shows at δ 4878 ppm eleven lines of a thirteen-line multiplet ( 4 J( 207 PbF) = 358 Hz). A single crystal X-ray structure analysis revealed that (RF)2Pb is monomeric in the solid state (Fig. 3) [31] . Fig. 3 . Molecular structure of (RF)2Pb [31] Four intramolecular lead-fluorine contacts are mainly responsible for the unusual stability of the novel diarylplumbylene. The angle at lead is 94.5". In contrast to the highly reactive tin analogue the derivative chemistry of (Rp)2Pb is very limited. It fails to undergo oxidative addition reactions. For example, treatment with elemental chlorine results in the formation of PbCl2 and no reaction is observed with PhSSPh. PbS is formed upon heating of (RF)2Pb with elemental sulfur and in some cases the formation of PbF2 was observed. Azomesitylene, MesN=NMes, was the only product isolated from the reaction of (RF)2Pb with mesityl azide [32] . It was found however, that (RF)2Pb can serve as a very useful starting material for unsolvated lead(II) thiolates. Lemon-yellow (RFS)2Pb was obtained in 75% yield when (RF>2Pb was treated with two equivalents of RFSH. Due to the high solubility of the plumbylene this reaction can be carried out in hexane solution [31] . A THF solvate, (RFS)2Pb·THF, was isolated from a reaction of PbCl2 with NaSRr in diethylether (78%, from THF) [33] . The "amide route" was used to synthesize (RFSe)2Pb. This lead(II) selenolate was obtained in 94% yield when Pb[N(SiMe3 )2 ]2 was reacted with RFSeH in hexane solution. According to a recent X-ray structure determination it is dimeric in the solid state and thus has to be formulated as [(RFSe)2Pb]2 [22] . So far no suitable single crystals of the unsolvated lead(II) thiolate (RFS)2Pb have been obtained. During an attempted recrystallization of this thiolate from boiling toluene, oxygen contamination led to the formation of bright yellow, well-formed block-like crystals. An X-ray structure determination showed this 
